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INTRODUCTION

The present experiments helped determine the influence of the Si capping layer thickness in
Mo/Si multilayer mirrors (MLMSs) on the initial carbon ( C ) buildup on the mirrors when used in
an extreme ultraviolet (EUV) + low pressure hydrocarbon (HC) vapor environment. The intent
of this work was to broaden the approach taken to fabricate multilayer mirrors, by proposing that
MLMs be made so that they have not only high initial reflectances but also low C buildup when
used in EUV + HC environments. Carbon buildup is undesirable since it absorbs EUV radiation
and reduces MLM reflectivity.

Previous work [1-4] on non-multilayer optical elements in synchrotron beamlines has shown that
the “cracking” of hydrocarbons adsorbed on the optical surfaces leads to deposition of carbon
onto these surfaces. “Cracking” is the name given to the process in which adsorbed, potentially
volatile hydrocarbons are transformed into stable carbonaceous species on a surface. In these
previous studies [2-4], it was determined that this cracking was caused by photoelectrons emitted
from the metallic optical surfaces.

When EUYV radiation is incident onto a MLM there is a sinusoidally varying, standing wave
electric field both inside and outside the MLM structure. This incident photon radiation creates a
standing wave, electric field intensity (and similarly modulated photoemission) with a period of
half the wavelength of the incident EUV light. Since the cracking of adsorbed hydrocarbons is
likely caused by photoelectrons [2-4], in principle the initial carbon contamination on MLM
surfaces could be reduced by appropriately adjusting the electric field intensity at the
uncontaminated MLM/vacuum interface so the field intensity is near a minimum.

One way to vary this intensity at the MLM/vacuum interface is through intentional changes in
the thickness of the MLLM Si capping layer. A set of Mo/Si MLMs deposited on Si wafers was
fabricated such that each MLM had a different Si capping layer thickness ranging from 2 nm to 7
nm. Each was deposited such that maximum reflectance occurred at normal incidence for
photons of 13.4 nm wavelength and had Mo/Si bilayer pairs about 6.9 nm thick, with
Mo/(Mo+Si) thickness ratios of 0.4. These samples were used in subsequent EUV+HC tests.

RESULTS

It was found that the capping layer thickness affected both the initial MLM reflectivity and the
“carbonizing” tendency on the MLM when exposed to EUV(13.4 nm, ~ 0.5 mW/mm?) + HC
vapors (pressures estimated to be < 10 Torr). Measurements of the uncontaminated, absolute
reflectivities were performed on the Calibration and Standards beamline at the ALS and are
given in Figure 1 below. Figure 2 below shows the relative reflectivities (reflectivity/original
reflectivity) for all samples which were subsequently exposed to EUV + HC vapors.
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Figure 1. Absolute reflectances of all samples in used in this study. Reflectances were measured in regions not
exposed to EUV+HC vapors. Values measured on beamline 12.0.1.2 are shown as squares with inset crosses. All
other values were measured on beamline 6.3.2 before the experimental runs (gray points) and after experimental
runs (black points).
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Figure 2. Relative reflectances) of samples with different capping layers exposed to EUV+HC as a function of
photon dose.

In these samples, the doses where the relative reflectivities decreased most rapidly (e.g., at ~
5000 mJ/mm?” for the 3 nm capped sample) were also the doses where peaks in photocurrent
emission occurred. These observations were consistent with the proposed correlation between
photoemission (or near-surface electric field intensity) and carbon buildup. The results in both
these figures also show that the use of a 3 nm capping layer on a Mo/Si MLM represents an
improvement over the 4 nm layer since the 3 nm sample has both a higher absolute reflectivity
and better initial resistance to carbon buildup. A typical Mo/Si MLM has a ~ 4.3 nm Si cap.



SUMMARY

The results of this work have shown that varying the silicon capping layer can change the
characteristics of carbon buildup on a Mo/Si MLM optic. The data obtained indicated that a ~3
nm Si- capped Mo/Si MLM was the MLM which not only had the highest as-received
reflectivity but also maintained that reflectivity the longest under EUV+HC vapor pressure
exposure of the samples studied — those with Si capping layers from 2 nm to 7 nm. Using a 3 nm
instead of 4 nm thick Si capping layer on Mo/Si MLMs should produce improved optic lifetimes
and should likewise help reduce downtimes in EUVL tools using such optics. This work also
showed that there is a strong correlation between the EUV-induced photocurrent from a MLM
and its reflectivity, with maxima in the photocurrents occurring when relative reflectivity loss
rates were the highest. This observation suggested that the carbon buildup was also correlated
with photoemission, with higher carbon growth rates coincident with higher MLM
photoemission. However, since the maxima in surface electric fields at the MLM are correlated
with photoemission maxima, the current data did not allow a differentiation between the
mechanisms of direct photon vs. photoelectron-caused hydrocarbon cracking. The current data
were consistent with the existence of a standing wave electric field near the MLM surface and
suggest that its form profoundly affected carbon contamination of MLMs. The results further
suggested that the strategy of minimizing the near- surface electric field at the MLM/vacuum to
reduce carbon buildup should be applicable to MLM systems other than conventional Mo/Si,
including Mo/Si with other capping layers and MLMs using other material combinations
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INTRODUCTION

Diluted magnetic semiconductors (DMS) consist of nonmagnetic semiconducting materials
doped with a few atomic percent of impurity magnetic cations. Magnetic coupling occurs by
virtue of exchange interactions between the magnetic spins and free carriers in the
semiconductor. The interaction can occur via p-d or d-d exchange, and can lead to
antiferromagnetic or ferromagnetic coupling, depending on the concentration and the local
structural environment of the magnetic impurity. DMS materials grown as thin epitaxial films
can be used as spin injectors for semiconductor heterostructures, provided they are
ferromagnetic.

Virtually all conventional DMS materials exhibit Curie temperatures of ~100K or less and must
be p-type, which means that the exchange interaction leading to ferromagnetic behavior is hole
mediated. Most of the effort expended to date on understanding the crystal growth and
properties of thin-film DMS materials has focused on Mn-doped II-VI1, II1I-V, and Group IV
semiconductors.'™ Relatively little effort has gone into the investigation of “nontraditional”
semiconductors, such as semiconducting oxides, to see if they are more robust magnetically.
However, one such oxide - Co-doped TiO, anatase (CoxTi;.xO;) - has recently been discovered
to be the most magnetically robust DMS with regard to magnetic moment at saturation,
coercivity, remanence, and Curie temperature.” Indeed, it is one of the very few DMS materials
demonstrated to exhibit ferromagnetic behavior above 300K. In addition, it has been shown that
the material can be grown epitaxially by both pulsed laser deposition (PLD)® and oxygen plasma
assisted molecular beam epitaxy (OPA-MBE)’ on SrTiO3(001) and LaAlO5(001). However, the
resulting magnetic properties differed considerably for the two growth methods, with
significantly better properties exhibited by OPA-MBE grown material.

In order to understand the mechanism of magnetism in this fascinating material, it is essential to
know the charge state of the magnetic cation (Co), and the doping type. We have utilized Co L-
edge x-ray absorption spectroscopy (XAS) at beamline 9.3.2 to determine the Co charge state.

EXPERIMENT

Epitaxial Co4Ti; <O, films of high structural quality were grown by OPA-MBE on
LaAlO3(001) using a system at PNNL described in detail elsewhere.® The resulting samples
were then transferred through air to beamline 9.3.2 and XAS measurements were made in total
electron yield mode at the Co L-edge, Ti L-edge, and O K-edge. X-ray absorption near-edge
spectra (XANES) were also recorded for several Co standards for comparison purposes. No
surface cleaning was done, as the distribution of Co has been shown to be strongly modified by
post-growth annealing at the temperatures required to rid the surface of carbon, or remove
sputter damage.



RESULTS

We show in Fig. 1 Co L-edge XAS data for three films with different Co mole fractions (x) (Fig.
la-c), and for standards containing Co in different oxidation states and local structural
environments (Fig. 1d-g). The CoTiO; standard was a powder, CoO was a (001)-oriented bulk
single crystal, y-Co,03 was a 100 nm thick (001)-oriented epitaxial film grown on MgO(001) at
PNNL, and the Co metal standard was a polycrystalline film evaporated in situ in the XAS
chamber. Comparison of all film spectra with those for the standards reveals a good fit with both
CoTiO; and CoO, which both contain Co™?, but a very poor fit for both y-Co,03, which contains
Co™ , and for Co metal. The fit to CoTiOs is better than that to CoO. However, there is some
similarity between the reference spectra for CoO and y-Co,0s, particularly in the vicinity of the
feature at 784 eV. This result indicates that there may be some Co™ in the CoO single crystal.
The very high degree of similarity between the spectra for the Co-doped anatase films and the
CoTiOs; standard establishes that Co in the former is in the +2 formal oxidation state.
Interestingly, using the Co evaporation rate and oxygen plasma beam intensity we have used for
the growth of Co4Ti;.xO, result in the epitaxial growth of metastable y-Co,0O3; on MgO(001).
Therefore, the anatase lattice stabilizes the formation of Co(II), even though the conditions
would result in Co(III) formation if pure Co oxide were allowed to grow under comparable
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Fig. 1 Co L-edge XAS for 20 nm thick films of epitaxial Co,Ti;,O, on LaAlO3(001): (a) x = 0.01, (b) x = 0.06,
(c) x=0.08. Also shown are spectra for reference compounds containing Co in different formal oxidation states:

(d) CoTi0s, (e) CoO, (f) y-Co,03, and (g) Co metal.
SIGNIFICANCE

Ion channeling measurements conducted at PNNL reveals that Co substitutes for Ti in the
anatase lattice. Furthermore, Hall effect measurements carried out at PNNL show that these
films are n-type semiconductors as grown, despite the fact that no intentional n-type doping was
carried out. The origin of the n-type doping may have to do with the presence of H in the film,



which has been detected by '°F nuclear reaction analysis at PNNL at a concentration that is of
the same order of magnitude as that of the free carriers — 10" to 10°° cm™. H may be the direct
dopant, as occurs in n-ZnO.’ Alternatively, H,, which is present in the growth chamber at a very
low partial pressure, may partially reduce lattice oxygen during growth to produce OH and a free
donor electron according to the reaction O'z(lam-ce) + (1/2)Hz = OH (usicey + €. This
phenomenon is currently under more detailed investigation.

It thus appears that Co-doped anatase TiO, is ferromagnetic by virtue of electron mediated
exchange interaction between Co ' cations that substitute for Ti™ in the lattice. In order to
maintain charge neutrality, each substitutional Co™ must be accompanied by an O™ vacancy.
However, such vacancies are uncharged and therefore do not contribute any donor electrons. In
fact, n-type semiconducting behavior and Co substitution are independent phenomena; some
highly resistive films are nonmagnetic despite having several at. % Co. Indeed, the
magnetization depends as much on the free carrier concentration as on the presence of
substitutional Co, as expected for a DMS.

Significantly, virtually all other known DMS materials are ferromagnetic by virtue of hole
mediated exchange interaction, which has been thought to be the stronger interaction.'’
Therefore, Co-doped TiO, anatase is a highly unusual and potentially very important DMS in
that it exhibits strong electron mediated exchange interaction at temperatures of at least S00K.
No other known DMS exhibits these properties.
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INTRODUCTION

Materials properties such as strength, resistance to fatigue, and failure ultimately depend on the
microstructural features of the material, such as grains, grain boundaries, inclusions, voids and
other defects. The so-called mesoscopic length scale (approximately between 0.1 and 10 pm) is
receiving increasing attention, both theoretically and experimentally, in order to understand the
mechanical behavior of polycrystalline samples as they experienced various constraints.
Compared to single crystals, polycrystals are a highly inhomogeneous medium where local stress
and structure variations are likely to play an important role in the overall macroscopic behavior
of the material. In the present study, we are applying the Scanning X-Ray Microdiffraction
(LSXRD) technique developed at the ALS [1,2] to probe local strain/stress and grain orientation
in AI1(0.5wt% Cu) thin films and compare the results with those obtained with conventional
averaging techniques such as wafer curvature.

EXPERIMENTAL

The samples investigated are sputtered Al (0.5 wt.% Cu) thin film test structures originally
designed for electromigration studies. The patterned lines, passivated with 0.7 um of SiO,
(PETEOS), have dimensions 0.7 or 4.1 um in width, 30 pm in length and 0.75 pm in thickness.
Ti shunt layers are present at the bottom and the top of the lines. A 100 x 100 pm bond pad on
the chip with a thin Ti underlayer is used to simulate a bare blanket film.

The samples were scanned under a submicron size white X-ray beam and at each step a white
beam Laue diffraction pattern in reflective geometry was collected. The patterns were analyzed in
order to yield the orientation and deviatoric strain/stress tensor under each illuminated points of
the samples. The outputs of the analysis are grain orientation and strain/stress maps.

The bond pad (blanket film) was thermally cycled between 25°C and 345°C in 40° steps. At
each temperature increment, a 15x15 um area of the film was scanned with the focused white x-
ray beam in 1 pm steps. A 0.7 um wide line and 4.1 um wide line were scanned in 0.5 pm
intervals at room temperature. In addition, a 0.7 pum line was mapped in 0.5 pm steps across the
line and 1 pm steps along the line at several temperatures during a cycle between 25°C and
305°C.

RESULTS

A 5x5 pm area preliminary scan of the blanket film shows that while the film is (111) textured
within 3°, the deviatoric stresses 6y’ # Gy’ (In the X,y,z orthogonal coordinate system, z is the



out-of-plane direction). In particular, at the granular and subgranular level, the stress can depart
significantly from biaxiality. However, if we average the data over the 5 X 5 pm scanned area,
biaxiality is retrieved, i.e.: <6’> =~ <c’y,>. The average biaxial stress of the film can be
computed assuming that the out-of-plane average total stress <c,,> = 0. Expressing the total
average stress matrix as the sum of the deviatoric and hydrostatic stress components one can
show that the average biaxial stress <op> = <G> = <Oyy> = <{(G'x 10 yy)/2} - G ,,>.
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Figure 1. Thermal cycling results on a 15x15 pm area of
144.0 an Al(Cu) bond pad (blanket film) showing the averaged
biaxial stress component < 6}, > versus temperature. The
L 78.00 insets show detailed stress distribution in the film at
different temperatures (The 2D maps are a plot of —6°,
/ / 12.00 =0’y TG’y as a measure of the in-plane stress). Note the
300 . T . . . T blue regions of compressive stress in the 105 °C map,
250 1 _‘ . . 25400 while on average the stress is still in the tensile regime.
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A plot of the average biaxial stress in the blanket film obtained by x-ray microdiffraction during
a thermal cycle between 25°C and 345°C is shown in Fig. 1. The stresses in approximately 130
grains in a 15pum x 15um region were averaged to give the results shown in the figure. Though
our temperature range is about 100°C smaller, the temperature cycling curve using
microdiffraction is very similar to that reported by Venkatraman et al [3] using wafer curvature
measurements on an Al(Cu) films with thickness 1 pm. The film is in tension at room
temperature, with an average biaxial stress of 230 MPa. The measured stress is caused by
mismatch between the thermal expansion coefficients of the aluminum and the silicon substrate.
Upon heating, the higher thermal expansion coefficient of the aluminum film relaxes the tensile
stress before driving the film into compression. From Fig. 1 the experimentally determined initial
thermoelastic slope is (do / dT) = 2.53 MPa / °C. The theoretical thermoelastic slope was
calculated to be 2.34 MPa / °C, in reasonable agreement with the experimental value.

The real advantage of using pSXRD is however the possibility to obtain orientation and
strain/stress information at a very local level, allowing for the study of mechanical properties of
thin films with new visibilities. For instance, it provides a simple and straightforward explanation
to the early departure from linearity of the thermoelastic slope during heating (seen in [3] as well
as in the present data), even before the film enters in the compressive state. At room temperature,
the stress is highly inhomogeneous with regions sustaining more tensile stress than others. Upon



heating some regions of the film become compressive while the average biaxial stress is still in
the tensile regime. Even though the average stress is zero at about 100°C some grains have
already reached their yield stress and deformed and the heating curve departs from linearity. The
temperature at which the curve departs from linearity is quite variable for different films and
depends on detailed process parameters.

Similar local variations of the stress are observed in the passivated lines. These local variations
increase with decreasing line width while the area of the hysterisis of the stress-temperature
curves decreased. The hysteresis area is typically a measure of the amount of plastic deformation
experienced by the material. In the case of submicron sized lines, the passivation layers introduce
additional constraints to the dislocation motions, as compared to the case of unpassivated blanket
films [4]. These local stress variations which do not always follow grain boundaries but can be
intragranular, are quite surprising in an elastically isotropic material as aluminum. However these
differences can be explained by differences in grain sizes and grain-to-grain interactions [5].
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This project, begun in March of 2001, seeks use infrared spectroscopy to probe the
properties of photocarriers in organic molecular crystals. A group at Bell Laboratories
has recently succeeded in creating FETs on ultrapure single crystals of pentacene,
tetracene, and other “polyacenes’ (rigid, rodlike chains of Benzenerings). Carriers
injected into these transistors have exhibited metal-insulator transitions, superconduc-
tivity, lasing, and the quantum Hall effect (see, e.g., J. H. Schoen, Ch. Kloc, B. Batlogg,
Sciencev. 288 p. 2338; Science v. 288 p. 656; Naturev. 406 p. 702). The goal of our
experiment is to photoexcite carriers in these same materials, and to measure the infrared
spectrum of these photocarriers.

The apparatus, at ALS beamline 1.4, includes an Argon-ion laser for photoexcitation of
charge carriers, a Bruker 66v/S Fourrier-Transform Infrared (FTIR) spectrometer, and a
variable-temperature cryostat. The laser allows photoexcitation at energies from 2.4 eV
to 3.5eV. Atthe UV freguencies, the quantum efficiency of photocarrier generation in
pentaceneis high, about 30%. The light is coupled to the sample (in the cryostat) by
means of an optical fiber. The cryostat allows us to reach temperatures from 5 K to 300
K, and the FTIR spectrometer allows measurement of infrared transmission on the range
of at least 100 cm™ to 7800 cm™.

The basic result of a measurement is a transmission spectrum, T(w), either with the
sampleilluminated with laser light, Ton(W), or with the sample unilluminared, To(W).
From these spectra we determine difference spectra, DT/ T = (Ton(W) - Torr(W)) / Torr(W).
Our measurements at room temperature on crystals of Tetracene have shown good
reproducibility, both in the shape and in the magnitude of the difference spectra. The
measurement is sensitive to changes in the transmission of one part in 10* or better
through most of the spectral range. We have resolved many clear and reproducible
features that are an order of magnitude larger than the noise.

Although these results demonstrate that the apparatus is, indeed, able to make the desired
measurements, they do not put us particularly close to our scientific goals. Most or all of
the features we have seen thus far appear to be due to shifting or broadening of phonon
absorptions due to the heating effect of the laser. Thisresult at room temperature is no
surprise, as the mobility of carriersin polyacene crystals increases as T2 below room
temperature, so that the conduction of the carriers should only become visible at low
temperatures. More surprising was the result that tetracene crystals large enough to
measure optically will invariably shatter upon cooling below about 180 K (the temp-
erature seemsto vary abit). Pentacene crystals, on the other hand, do not shatter, but
also do not seem to be available in sizes large enough for optical measurement. Other



polyacenes have much lower efficiencies of photocarrier generation (due to their having
broader bandgaps), and so are not suited to this experiment.

We are now seeking thin-film samples of the polyacenes, as these should survive cooling
and should have the large area desirable for infrared measurement. High-quality
pentacene films have been shown to display many of the same electronic properties as
their single-crystal counterparts (J. H. Schoen, Ch. Kloc, Applied Physics Letters, v. 79,
p. 4043).
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INTRODUCTION

Thin films deposited by Physical Vapor Deposition techniques on substrates generally exhibit
large residual stresses which may be responsible of spontaneous detachment of the film from the
substrate (stress relaxation) and in the case of compressive stresses, thin film buckling. Although
these effects are undesirable for future applications, one may take benefit of it for thin film
mechanical properties investigation [1-4]. Since the 80's, a lot of theoretical works have been
done to develop mechanical models and calculations (elasticity of thin plates, fracture mechanic)
with the aim to get a better understanding of driven mechanisms giving rise to this phenomenon
and thus to propose solutions to avoid such problems. Nevertheless, only a few experimental
works have been done on this subject to support these theoretical results and nothing concerning
local stress/strain measurement mainly because of the small dimension of the buckling (fig. 1).
In this experiment, we propose to use micro beam x-ray diffraction available on synchrotron
radiation sources as a local probe (spatial) for stress/strain anaysis of thin film buckling. The
main objectives are to apply x-ray micro beam diffraction in first for determining macro residual
stresses at the top of the buckle (comparison with adherent region on the film) in different
systems (W, Mo, Au on silicon) and in a second step for scanning the buckling with the smallest
X-ray beam size in order to realize macro stress mapping.
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Figure 1 : Wrinkles observed by optical microscopy (a) close to a step realised during the deposition process for
film thickness measurement and AFM images (b) of buckling noted D on (a) and corresponding cross section, (c)
perpendicular to the propagation direction.
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EXPERIMENTAL METHOD

Among the most widely used method to determine the stress level in thin films, x-ray diffraction
(XRD) is phase selective and the unique non destructive technique which allows to determine
both the mechanical and microstructural state of the diffracting phases. Indeed, the distance
between atomic planes is used as an interna strain gauge. For polycrystalline samples, the



measurement of the diffraction peak position shift using sin®yy method allows to extract the
stress tensor and the stress free lattice parameter [5]. However, x-ray diffraction is difficult to
use in low dimensional systems because the diffracted intensities are weak due to the reduced
thicknesses and nanocrystalline character of such materials. These problems may be solved
using intense x-ray sources such as synchrotron radiation (S.R.). In addition to the high flux
characteristic of S.R. facilities, the wide wavelength spectra and the optics (micro beam) which
are available on beam lines (3" generation SR only) allow to perform specific XRD experiments
which are not possible with classical x-ray sourcesin laboratories.

The 7.3.3.1 Microdiffraction beam line at ALS provides a reduced spot size less than 1 pm?
(Kirkpatrick Baez mirrors) with high flux for white or monochromatic radiation (4-crystals
channel cut monochromator: 6-14 KeV). These performances are unique and perfectly adapted
to our project [6]. In our samples, the grain size ( < 10 nm) is smaller than the x-ray beam one
and macro-strains are of about 0.5-1 %. The diffraction pattern recorded with a 2D CCD
detector is composed of different rings which alow to extract (using specific software - to be
developed) the in-plane stress without any tilt of the samples (the ¢ description is contained in
the 2D pattern and the angular resolution is enough to appreciate such large macro-strains).
Accurate spatia spot localization on the sample surface is achieved from markers delimiting the
region of interest. A precise goniometer allows XRD measurements in reflection mode and an
X-Y trandation stage is used for scanning the sample surface.

FEASIBILITY OF THE EXPERIMENT

Preliminary microdiffraction experiments have been successfully done in June 2001. 630 nm
thick gold films deposited on silicon (100) substrates covered with native oxide have been
chosen for these measurements. The delamination of the thin film is evidenced on figure 2 (a)
and an individual buckle is shown on figure 2 (b); its shape corresponds to a portion of a sphere.
The position of the buckle (x,y) is determined from the step corner coordinates (x0,y0) which
have been measured by X-ray fluorescence (white beam). This step has been realized during the
film deposition.

The calibration of the 2D diffraction diagram is done from the diffraction of the single crysta
silicon substrate using white x-ray beam. The diffraction pattern obtained in an adherent (flat)
region of the gold film is shown on figure 3. Because of the <111> texture of the film, we
observe maximum intensities on each two rings for particular pole directions X. During the scan
of the buckle A with a 10 um step , the position of the two maximum intensities (X+ and X-)
moves along the ring because of the rotation of the normal to the film surface around x and y
axis. Thus, from the diffraction pattern, one may deduce the position of the beam on the buckle
and the corresponding strains in this region. A comparison between the diffraction diagrams
obtained in flat regions and at the top of the buckle indicates a stress relaxation.

A complete interpretation of the data is till under progress because specific tools and
methodologies have to be applied for diffraction pattern analysis. Accuracy and sensibility are
the two main points to be considered for strain variation during the scan. Furthermore, Finite
Element calculations have been engaged for such spherical gold buckles. Further experiments
will concern not only metallic thin films but also structural biomaterials such as diamond
coatings on Titanium based aloys (TA6V) which are promising candidates for medical



prostheses. Our laboratory is engaged in a French government program called A.C.I. with two
other French laboratories. It concerns in particular, the influence of residual stresses (about -5
GPain C-diam) on the mechanical behavior of such systems.
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Figure 2. 630 nm gold film sputter deposited on S substrate: (a) optical image of the sample surface and (b) AFM
image of the buckle noted A on fig. (a); the in plane width is around 40 zm and the height of 1.2 zm.

Figure 3: 2D X-ray diffraction diagram obtained
on an adherent gold film region with an X-ray
energy of 5.7 keV, a spot size on the sample of 3 x 3
4 and a recording time of 300 sec.
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